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Lymphocyte Migration and 
Multiple Sclerosis: Relation 
with Disease Course 
and Therapy 

Alexandre Prat, MD, MSc/t Abdulia AJ-Asmi, MD,' 
Pierre Duquette, MD.1 and jack P. Antcl, MD' 



Lvmpbocyie migration Into the central nervous system is 
a central event in lesion formation in multiple sclerosis. 
By using a Sbronectin -coated membrane Boyden cham- 
ber ass2y, we observed that migration rates of immedi- 
ately ex vivo lymphocytes from patients with relapsing- 
remirting, with or without concurrent clinical relapse, or 
with secondary progressive disease, were increased com- 
pared with healthy donors. Migration rates of lympho- 
cytes from relapsing— remitting multiple sclerosis patients 
receiving either glatiramer acetate (Copaxone 20 mg 
daily) or imcrferon-plb (Betas eron 8 MIU, three times 
per week) were significantly reduced compared with un- 
treated relapsing— remirting patients. In vitro treatment 
with interferon-plb (1,000 U/ml), but not glatiramer ac- 
etate (20 p.g/ml), significantly reduced lymphocyte- 
migration rates, suggesting that the effects of these two 
therapeutic agents on migration result from different 
mechanisms of actions. Interferon-plb acts, at least in 
part, by a direct effect on this cell property, whereas 
glatiramer acetate effects axe indirect. 

Pra£ A, Al-Asmi A, Duquette P, Ante! JP. 
Lymphocyte migration and multiple sclerosis: 
relation with disease course and therapy. 

Ann Neurol 1999;46:255-256 



Multiple sclerosis (MS) is characterized by develop- 
ment of multifocal lesions disseminated in rime and 
space throughout the central nervous system. The typ- 
ical initial relapsing-remitting (RR) phase of disease 
features a high frequency of magnetic resonance imag- 
ing (MRI)-defxned gadolinium-enhancing lesions, an 
indication of disruption of the blood-brain barrier. 
The pathological substrate of such lesions is character- 
ized by perivascular lymphocyte accumulation with ex- 
^ tension into the parenchyma. 1,2 The sequence of cellu- 
lar events whereby T cells access the central nervous 
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system includes an active transmigration process chat is 
dependent, at least in part, on production by the lym- 
phocytes of proteinases, including matrix metallopro- 
teinases (MMPs), which degrade the thin but compact 
basal lamina surrounding the brain micro vessels. ^ An 
estimated 50% of MS cases evolve into a secondary 
progressive phase with or without intermixed relapses. 
In these cases, gadolinium-enhanced MRI lesions con- 
tinue to occur. 

We have previously used a Boyden chamber contain- 
ing a fibronectin-coated membrane as an in vitro 
model of lymphocyte migration. In this model, migra- 
tion reflects both the ability of T cells to bind to fi- 
bronectin and to degrade it, by an MMP-dependcnt 
proteolytic mechanism. We observed that interferon- 
Plb (IFNpib; Betaseron), added. in vitro to activated 
lymphocytes, inhibited both migration rate and MMP 
production by these cells. We further found that im- 
mediately ex vivo peripheral blood— derived lympho- 
cytes obtained from RR MS patients, without concur- 
rent clinical relapse, had increased rates of migration in 
this assay when compared with controls. 9 Patients re- 
ceiving IFNpib therapy had reduced migration rates 
compared with untreated patients. 

The purpose of the current study was to evaluate 
migration of lymphocytes derived from MS patients in 
relation to both their disease phase (RR with and 
without active relapses or secondary progressive {SP]) 
and therapy being received (IFNpib and glatiramer ac- 
etate [GA; Copaxone]). We found that migration rates 
were increased in all untreated patient gr ups com- 
pared with healthy controls. Migration rates of fym- 
phocytes from patients treated with either agent were 
reduced compared with untreated patients. In contrast, 
I FN (3 but not GA, when added in vitro, reduced 
lymphocyte-migration rates. 

Patients and Methods 

Patients 

The immediately ex vivo lymphocyte studies were conducted 
on the groups of clinically definite MS patients listed in the 
Table. 10 Most of the untreated RR patients were those with 
relatively recent disease onset (mean, 48 ^ 7 months) who 
fulfilled local criteria to be eligible for the currendy approved 
MS therapies (two relapses within the previous 2 years) and 
who were about to begin therapy. Active relapse was defined 
according to criteria used in clinical trials with IFNp arid 
GA. Blood was drawn from MS active relapse patients before 
initiation of steroid therapy. None of the SP patients were 
on immunosuppressive therapy. As expected, the SP patients 
were significantly older (mean, 47 ± 6 years) and had a 
longer disease duration than the RR patient groups (mean, 
82 ± 9 months). 

Lymphocyte Preparation 

For the immediately ex vivo studies, mononuclear cells 
(MNCs) were isolated from peripheral blood samples fr m 
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Table. Mean Age, Disease Duration, Expanded Disability Status Scale Score (EDSS), and Treatmenz Duration 



Disease Duration Treatment Duration 



Subgroups 


n 


Ag 


t (yr) 


(mo) 


EDSS 




(mo) 




MS RR 


7 


39 


r 4 


47-7 


1.9 r 


0.3 




0 


MS AR 


12 


35 


± 3 


46 r 12 


1.7 r 


0.4 




0 


MS SP 


9 


47 


- 6 


81 ± 9 


2.9 r 


0.5 




0 


MS Betaseron 


7 


' 37 


± 3 


34 ± 4 


2.2 - 


0.2 


24 


- 4 


MS Copaxone 


10 


36 


=: 6 


39-5 


2 - 


0.4 


6 


- 3 


Controls 


14 


30 


- 2 


0 


0 






0 



Paticni subgroups arc those with stable relapsuig-remirtirig disease (RR), active relapse (AR), and secondary progressive (SP) disease. Treatec 
parieni groups were those with relapsing-remiuing disease receiving cither inteneron-p ] b (Becaseron) or glatiramer acetate (GA; Copaxone). 



patients or controls by using a Ficoll deasiry gradient (Phar- 
macia Biotech, Baie D'Urfee, Quebec, Canada), depleted of 
monocytes by a 1-hour culture at 37°C in RPMI media plus 
10% fetaJ bovine serum (FBS; Medicorp, Montreal, Quebec, 
Canada) in- a 75-cm 2 plastic dish. Subsequently, T cells were 
suspended at 10 6 cells/ml in culture medium composed of 
RPMI plus 2.5% FBS and then used in the migration assay 
as described below. Anti-CD3 antibody staining and 
fluoresce nee -activated cell sorting (FACS) analysis revealed 
that over 95% of the cells were CD3"* lymphocytes. 

For the in vitro studies, MNCs were isolated from healthy 
donors, suspended in 10 ml of RPMI plus 10% FBS at 10 6 
cells/ml and cultured in 75-ml flasks (FaJcon-VWR, Mon- 
treal, Quebec, Canada) for 72 hours in the presence or ab- 
sence of either IFNglb (1,000 U/ml) or GA (20 u.g/ml). 
The IFNp dosage used was based on previous dose-response 
studies. 8 The GA dosage was the one that we have found to 
induce optimal generation of'GA-reactive T-celi lines." After 
72 hours, the nonadherent cultured cells were harvested and 
resuspended in fresh RPMI plus 2.5% FBS for use in the 
migration assay; 10 5 cells were also pulsed with [ 3 H]thymi- 
dine in flat-bottomed 96-well plates for 5 hours, and prolif- 
eration index was assessed by harvesting the cells and count- 
ing on a Beckman p-counter (Fisher Scientific, Montreal, 
QB, Canada). 

Migration Assay 

All assays were conducted in Boyden chambers (3-u.m pore 
size membranes) precoated with fibronectin (Collaborative 
Biomedical Products, Bedford, MA). The bottom chamber 
contained 1 ml of RPMI plus 10% FBS; 10 6 lymphocytes 
suspended in 1 ml of RPMI plus 2.5% FBS was added to the 
top chamber. After 6 hours at 37°C, the contents of the bot- 
tom chamber were collected and the number of cells present 
determined by counting aliquots under the microscope. 

Statistics 

For each donor, lymphocyte migration was performed in du- 
plicate and mean values determined. Results arc presented as 
mean 2: SEM values of the number of donors studied in 
each subgroup. Statistical comparison between the groups 
was performed by using an analysis of variance test and a 
Dunnett post test. 



Results 

Immediately Ex Vivo Studies 

As shown in Figure 1, the migration rates of T cells 
derived from untreated MS patients, either RR or SP, 
were significantly higher than were the rates of migra- 
tion of cells derived from healthy control donors (p < 
0.01). There was no significant difference in migration 
rates between RR patients who were or were not ac- 
tively relapsing. The migration rates of lymphocytes 
derived from both IFN£- and GA-treated patients was 
significantly reduced compared with the untreated RJl 
patients (p < 0.05) and not different from migration 
rates of control donors. 
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Fig J. Migration rates of immediately ex vivo lymphocytes 
derived from peripheral blood of controls, untreated relapsing- 
remitting multiple sclerosis (MS) patients with stable disease 
(RR) or active relapse (AR). secondary progressive MS patients 
(SP), or relapsing-remitting patients treated with interferon- 
fiJb (IFNfilb) or glatiramer acetate (GA). Data indicate 
mean number of cells ^ SEM values from the lower chamber 
of the recovered Boyden chamber after 6 hours. f**p < 0.0 J.- 
MS RR t MS AR, or MS SP, compared with control; *p < 
0.05: GA or IFNfiJb, compared with no n treated MS RR). 
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In Vitro Studies 

The lymphocytes maintained in culture media alone 
for 3 days had significantly higher migration rates than 
did immediately ex vivo cells (3.12 X 10 5 . compared 
with 5.9 X 10 4 , respectively; p < 0.01). As shown in 
Figure 2, the numbers of migrating cells derived from 
cultures to which IFN3 had been added were signifi- 
cantly reduced compared with those derived from con- 
trol cultures containing media alone (p < 0.01). In 
contrast, migration rates of cells derived from GA- 
treaied cultures did not differ from controls. [ 3 H]Thy- 
midine uptake by GA-treated cells (3,155 — 607, n = 
5) was significantly increased (p < 0.05) compared 
with nontreated cells (1,1 66 r 357, n = 6); there 
was no significant difference in proliferation rate be- 
tween cells cultured with IFNfB (2,014 ± 318, n = 
5) and GA. 

Discussion 

In the current study, although wc confirmed our re- 
sults that migration rates of immediately ex vivo pe- 
ripheral blood-derived lymphocytes were increased in 
the stable RR subgroup, 9 we could not distinguish sta- 
ble and relapsing patients. MRJ-based studies have re- 
peatedly demonstrated recurrent new lesion formation 
in RR patients even without clinical counterparts. The 
lymphocyte-migration rates in the SP MS patient 
group were comparable with those of the RR group. 
SP patients do continue to develop new MPJ-dcfined 
lesions. 7 Levels of JvlMP-9 are increased in the CSF of 
both RR and progressive MS patients. 11 In contrast to 
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Fig 2. Migration rates of lymphocytes cultured for 72 hours 
under basal conditions and placed in Boyden chamber without 
treatment (no TxJ or in presence of interferon* ft 1 b (IFNfilb) 
o r gla tira mer a ceta te ( GA). Da la indie a le mean number of 
cells 1. S£M values recovered from the lower chamber of the 
Boyden chamber after 6 hours, in six experiments performed. 
("*p < 0.0 J: in vitro IFNfBJ b-treated cells compared with 
nontreated cells). 



our migration results, SP and RR patients do show sig- 
nificant differences in several cell-mediated immune 
functions including production of the proinflammatory 
cytokines IFN^, tumor necrosis factor-a, and interleu- 
kin-12. 1 ^" 14 These findings suggest that the mecha- 
nisms underlying lymphocyte migration may be dis- 
sociated from other functional immune responses 
considered to contribute to the MS disease process. 

In this study, we have compared the in vivo and in 
vitro effects of IFN(31b and GA on the rate of lym- 
phocyte migration. Migration rates of immediately ex 
vivo lymphocytes obtained from IFN£- or GA-treated 
patients were significantly reduced compared with un- 
treated patients, whereas only IFNP exerted a signifi- 
cant effect when added in vitro. For the in vitro drug 
effect studies, we elected to use control donor-derived 
MNCs cultured for 3 days under basal conditions be- 
cause the low migration rate of these donors' MNCs 
immediately ex vivo precluded detection of a further 
decrease. IFNp effects on clinical and MR]-dcfined 
disease activity are apparent from a very early time 
point after initiation of therapy. 15 This would seem 
consistent with our in vitro findings, showing a direct 
effect of IFNj3 on lymphocyte migration. The appar- 
ent dissociation between the in vivo and in vitro 
lymphocyte-migration data, from using GA, suggests 
the in vivo effects reflect an indirect effect on this lym- 
phocyte property. Whether such an indirect effect re- 
flects a specific regulatory mechanism, or an overall re- 
duction in state of lymphocyte activation, remains 
speculative. Our conclusion regarding an indirect in 
vivo -effect- of GA on - -lymphocyte migrati n would 
seem consistent with recent observations that the ef- 
fects on MR1 activity become more apparent after sev- 
eral months of therapy. 16 We speculate whether the 
lymphocyte-migration assay may serve as an overall in- 
dex of immunologically related disease activity in a 
manner parallel to that used by disability scales to pro- 
vide an index of disease severity. Prospective studies arc 
needed to determine whether persistently high migra- 
tion rates will correlate with treatment failure, using 
currently available agents. The measure of migration 
may also be well suited for studies, assessing the poten- 
tial of combination immunomodulatory therapies 17 in- 
volving agents that act via different mechanisms. 
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TITLE : Evaluation of chitosan used as an excipient in tablet 
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DOCUMENT TYPE: Journal 
LANGUAGE: \ English 

AB Chitosan was chosen as a model excipient because it has many different 

functions in pharmaceuticals. This study was intended to investigate the 
use and optimum concn. of chitosan as a tablet binder and disintegrant . 
Chitosan was prepd. by 2 tabletting methods. In these methods, piroxicam 
was selected as an active substance. Tablet formulations were prepd. by 
granulating 3 viscosity grades of CMC (CM-cellulose ) and 3 viscosity 
grades of PVP [poly (N-vinylpyrrolidor.e ) ] in varying ratios. Chitosan was 
evaluated as a binder for piroxicam tablets and compared with other 
polymer binders such as PVP. Again, a chitosan was evaluated as a 
disintegrant for piroxicam tablets as compared with other cellulose 
disintegrants such as CMC. In the wet method, chitosan decreased the 
release of the drug. Therefore, chitosan is considered to be useful as 
excipient for controlled release drug formulations. Chitosan is a 
pharmaceutical excipient of natural origin that may combine the binding 
and disintegrant properties. 
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FIG. 11. Type ill (immune-complex) injury in an SLE renal 
biopsy specimen. This patient had proteinuria and red 
Wood cells in her urine. Note the granular (sometimes 
called lumpy-bumpy*) distribution of the immune deposits 
in this section stained with antibody to human C3. 



early spontaneous abortion and may be an important cause of 
Thrombotic disease in the general population. 

Tissue damage may also be mediated through antibodies to neu- 
trophil cytoplasmic antigens (ANCAs). These IgG antibodies, ini- 
tially detected by immunofluorescence, have been divided by 
staining patterns into perinuclear (p-ANCA) and cytoplasmic (c- 
ANCA), p-ANCAs arc directed against myeloperoxidase, while c- 
ANCAs arc specific for proteinase 3 (221). These autoantibodies 
arc useful markers for vasculitis, including Wegener's granulo- 
matosis, pauciimmune necrotizing and crescentic pauciimmunc 
glomerulonephritis, and polyarteritis nodosa, and their titers corre- 
late with disease severity. The mechanism by which antibodies to 
these cytoplasmic amigens leads to blood vessel damage and 
inflammation is incompletely understood, but it may involve 
expression on activated neutrophils of proteinase 3 and myeloper- 
oxidase, and possibly release of tree proteinase 3. Antibodies to 
these molecules may provoke enhanced neutrophil chemotaxis and 
adhesion, together with triggering of the respiratory burst. This 
may lead to a scries of events culminating in activation of T celts 
and macrophages and the formation of necrotizing granulomas. 

APPROACHES TO THE TREATMENT OF 
S YSTEMI C AUTOIM M ONE DISEASE 

In general, the management of human systemic autoimmune dis- 
ease is empirical and unsatisfactory. For the most part, broadly 
immunosuppressive drugs, such as corticosteroids, are used in a 
wide variety of severe autoimmune and inflammatory disorders; in 
milder conditions, antiinflammatory agents acting on 'eicosenoid 
metabolism are often sufficient. 

In addition to corticoslcriods, other immunosuppressive agents 
arc used in management of the systemic autoimmune diseases. 
Cyclophosphamide is an alkylating agent that causes profound 
depletion of both T- and B -lymphocytes and impairment of cell- 
mediated immunity. It i$ used in SLE nephritis and is particularly 
effective in granulomatous vasculitis and polyarteritis nodosa. Its 
use entails the risks of immunosuppression, along widi an 
increased incidence of Jymphorcticular malignancies. Azathioprine 



and the closely related 6-mercapiopurine are used in parallel situa- 
tions; these arc somewhat less effective but are less toxic. 

Cyclosporins tacrolimus, and mycophenolate mofelil are nat- 
ural products with specific properties of T-iymphocyte suppres- 
sion, and they have been used with success in SLE, KA, and, to a 
limited extent, in vasculitis and myositis. They have significant 
renal toxicity in addition to their immunosuppressive effects. 

Methotrexate is widely used as a "second-line" agent in RA, 
with the goal of reducing disease progression. It is also useful in 
polymyositis and other connective -tissue diseases. Its mechanism 
of action here is controversial and may relate to its action on adeno- 
sine receptors rather than to its more familiar role as an 
antimetabolite. 

"ghcrc is optimism that more specific trcaunent for autoimmune 
disorders can be devised when their mechanisms become bener 
understood. Oral tolerance holds promise as a means of attracting 
immunosuppressive T-lymphocytes to sites of active autoimmune 
pathology and suppressing inflammation by a bystander effect, 
probably involving TGF-p (271), Other approaches under develop- 
ment are monoclonal antibodies that are intended to block the acti n 
of cytokines or to deplete lymphocytes (204). With the exception of 
anti-TNF-rx in RA (205), these have been disappointing. 

CONCLUSIONS 

The mechanisms of systemic autoimmune disease arc diverge 
and incompletely understood. Several points are worthy of etnpha- 
sis. The rules and restrictions governing urdinnry immune 
responses seem to apply to autoimmune responses: there is little 
that is extraordinary about the immunoglobulin orTCR genes used 
or in their means of rearrangement or diversification; antigen is 
required to initiate responses. Production of and response to 
cytokines and other mediators is similar to what is seen for 
responses to exogenous antigens, and T and B ceils collaborate in 
an MHC-restrictcd fashion. The availability of transgenic and 
knock-out mice and continuing progress in the understanding of 
the genome seem likely to open novel and fruitful approaches to 
understanding disorders of systemic autoimmunity. 
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AB The last years have produced a plethora of new information including 

extensive studies, retrospective analysis and new perspectives on data 
interpretation on multiple sclerosis (MS) treatment. Considering how 
difficult it is to study a disease such MS with its variability, 
unpredictability and duration, it seems hard to resemble definite results 
from this experience. However, corticosteroids have been the mainstay of 
treatment for the management of acute relapses, showing the capacity to 
shorten the duration of relapses, accelerate the recovery. At present, 
interferon beta is generally considered to be the treatment of choice for 
patients with relapsing remitting disease. Glatiramer acetate is 
still not available in many parts of Europe, but its results demonstrate 

a 

reduction of relapses in 30% of cases. Most European experts onlv 
consider * 

as alternative treatment the immunosuppressive drugs, chosen if patients 
demonstrate unacceptable side effects of interferon or clearly do not 
respond. Very different and even more confusing data still come from 
experimental trial in secondary progressive MS, where the target of 
treatment is to slow the progression of disability. Different drugs 
(methotrexate, mi toxantrone, linomide, steroids and even interferons) are 
employed, but the results are still debated. Future therapies are being 
derived from constantly changing and evolving concept of MS 
immunopathogenesis: therefore many experimental and clinical trials use 
anti-integnn antibodies or insulin growth factors, metallo- 
proteinase inhibitors or T-cell vaccination. Some of the 

above treatment may have a chance of producing the gaining control of the 
disease without '-much inner toxicity. 

. . . recovery. At present, interferon beta is generally considered to 
be the treatment of choice for patients with relapsing remitting disease. 
Glatiramer acetate is still not available in many parts of Europe, 
but its results demonstrate a reduction of relapses in 30%. 
changing and evolving concept of MS immunopathogenesis: therefore many 
experimental and clinical trials use ant i-int egrin antibodies or insulin 
growth factors, metallo-proteinase inhibitors or 

T-cell vaccination. Some of the above treatment may have a chance of 
producing the gaining control of the disease. 



AB 
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2000:455053 HCAPLUS 
134 :114464 

Synthetic peptides that inhibit binding of the 
collagen type II 261-273 epitope to rheumatoid 
arthritis-associated HLA-DR1 and -DR4 
molecules and collagen-specific T-cell responses 
Fridkis-Hareli, M . ; Rosloniec, E. F. ; Fugger, L. ; 
Strominger, J. L. 

Department of Clinical Immunology, Aarhus University 
Hospital, Aarhus, Den. 
Hum. Immunol. (2000), 61(7), 640-650 
CODEN: HUIMDQ; ISSN: 0198-8859 
Elsevier Science Inc. 
Journal 
English 

1 [Cop 1, poly (Y, E, A, K) ] i f s a random 
synthetic amino acid copolymer effective in the treatment of relapsing 
forms of multiple sclerosis (MS), a disease that is linked to HLA-DR2 
(DRB1*1501). Another copolymer [poly ( Y, A, K) ] was also identified that 
binds to rheumatoid arthritis (RA)-assocd. HLA-DR1 (DRB1*0101) 
or HLA-DR4 (DRB1*0401) mols. and inhibits the response of HLA-DR1- and 
-DR4-restricted T cell clones to an immunodominant epitope of collagen 
type II (CII) 261-273 (a candidate autoantigen in RA) . In the present 
study various peptides have been synthesized based on binding "motifs" of 
Cop 1 for HLA-DR1 and -DR4 mols. Those peptides with K 

at P-l or K at P8 were particularly effective as inhibitors of binding of 
CII 261-273, of.Cop 1 and of the influenza virus 

hemagglutinin peptide 306-318 to these class II proteins. Moreover, 
several of them were also potent inhibitors of the CII 261 -27 3-reacti ve T 
cell clones. These findings suggest that small peptides or their more 
stable derivs. may be able to substitute for copolymers in the treatment 
of RA, and by implication of MS. 
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